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ࡢᇶᮏᵓᡂ⣲Ꮚ࡜ࡋ࡚MOSࢺࣛࣥࢪࢫࢱࡀồࡵࡽࢀ࡚࠸ࡿࠋࡇࢀࡽࡢᅇ㊰࡟ࡣప┬㟁ຊ໬࡜ྠ᫬࡟ࠊࢹࢪࢱࣝᅇ㊰࡟
ࡣ㧗㏿໬ࠊ࢔ࢼࣟࢢᅇ㊰࡟ࡣ㧗⢭ᗘ໬ࠊ㧗࿘Ἴᅇ㊰࡟ࡣ㧗࿘Ἴ໬࣭㧗⢭ᗘ໬ࡀồࡵࡽࢀ࡚࠸ࡿࠋ㟁※㟁ᅽࡢప㟁ᅽ໬࡟
ࡼࡿపᾘ㈝㟁ຊ໬ࢆ⾜࠸ࡘࡘࠊࢹࢪࢱࣝᅇ㊰ࡢ㧗㏿໬࡜㧗࿘Ἴᅇ㊰ࡢ㧗⢭ᗘ໬ࢆᐇ⌧ࡍࡿࡓࡵ࡟ࡣࠊMOSࢺࣛࣥࢪࢫ
ࢱࡢ⛣ືᗘྥୖ࡜ࢯ࣮ࢫ࣭ࢻࣞ࢖ࣥ㡿ᇦࡢ┤ิ᢬ᢠపῶࡀồࡵࡽࢀࠊ࢔ࢼࣟࢢᅇ㊰࡜㧗࿘Ἴᅇ㊰ࡢ㧗⢭ᗘ໬ࢆᐇ⌧ࡍࡿ
ࡓࡵ࡟ࡣࠊMOSࢺࣛࣥࢪࢫࢱࡢ 1/fࣀ࢖ࢬపῶࡀồࡵࡽࢀࡿࠋᚑ᮶ࡢ⛣ືᗘྥୖᢏ⾡࡛ࡣࠊSi/⤯⦕⭷⏺㠃≉ᛶࡢຎ໬
࡟ࡼࡾ1/fࣀ࢖ࢬቑຍࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡲࡓࠊᚑ᮶ࡢnMOS࡜pMOS࡟ྠ୍ࡢ௙஦㛵ᩘࢆᣢࡘࢩࣜࢧ࢖ࢻࢆ⏝࠸ࡓ
┤ิ᢬ᢠపῶᢏ⾡࡛ࡣࠊnMOS࡜pMOSࡢ┤ิ᢬ᢠࢆྠ᫬࡟పῶࡍࡿࡇ࡜ࡣ⌮ㄽⓗ࡟୙ྍ⬟࡛࠶ࡿࠋᮏㄽᩥࡣࡇ࠺ࡋ
ࡓ⫼ᬒ࡟㚷ࡳࠊ⛣ືᗘྥୖࠊ1/fࣀ࢖ࢬపῶࠊ┤ิ᢬ᢠపῶ࡟ࡼࡾ MOS ࢺࣛࣥࢪࢫࢱࡢᛶ⬟ྥୖࢆᐇ⌧ࡍࡿࢹࣂ࢖ࢫ
ᵓ㐀࡜ࣉࣟࢭࢫᢏ⾡ࢆᥦ᱌ࡋࠊヨస࣭ ᐃࡋࠊࡑࡢᛶ⬟ྥୖࢆᐇドࡍࡿࠋ⛣ືᗘྥୖᢏ⾡࡜ࡋ࡚ࠊ࢔࣒࣮࢟ࣗࣞࢩࣙࣥ
ᆺ(AM)MOSࢺࣛࣥࢪࢫࢱࠊSi(551)㠃ࠊSi/⤯⦕⭷⏺㠃ࡢᖹᆠ໬ࢆࠊ1/fࣀ࢖ࢬపῶᢏ⾡࡜ࡋ࡚ࠊ࢔࣒࣮࢟ࣗࣞࢩࣙࣥᆺ
(AM)MOSࢺࣛࣥࢪࢫࢱࠊSi/⤯⦕⭷⏺㠃ࡢᖹᆠ໬ࢆᑟධࡍࡿࠋ┤ิ᢬ᢠపῶᢏ⾡࡜ࡋ࡚ࠊnMOS࡜pMOS࡟௙஦㛵ᩘ
ࡢ␗࡞ࡿW/ErSixࠊW/Pd2Siࢆ⏝࠸ࡓࢯ࣮ࢫ࣭ࢻࣞ࢖ࣥᵓ㐀ࢆᑟධࡍࡿࠋ 
 ➨ 2❶ࡣࠊప᢬ᢠࢯ࣮࣭ࢫ ࢻࣞ࢖ࣥᙧᡂࢆᙧᡂࡍࡿࡓࡵࡢせ⣲ᢏ⾡࡟ࡘ࠸࡚ㄽࡌ࡚࠸ࡿࠋnMOS࡟W/ErSix࡜pMOS
࡟W/Pd2Siࡢ␗࡞ࡿࢩࣜࢧ࢖ࢻࢆ⏝࠸ࡓࢯ࣮ࢫ࣭ࢻࣞ࢖ࣥᵓ㐀ࢆᥦ᱌ࡍࡿࠋᥦ᱌ࡋࡓࢯ࣮ࢫ࣭ࢻࣞ࢖ࣥᵓ㐀ࢆSi(100)
㠃࠾ࡼࡧ Si(551)㠃ࡢMOSࢺࣛࣥࢪࢫࢱ࡟㐺⏝ࡍࡿࡓࡵ࡟ᚲせ࡞ࢤ࣮ࢺࢫ࣮࣌ࢧ࣮ᙧᡂࣉࣟࢭࢫࢆ㛤Ⓨࡋࡓࠋᅗ 1ࡣ
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ࡢࢥࣥࢱࢡࢺ᢬ᢠ⋡ࡀ1᱆࠿ࡽ2᱆⛬ᗘపῶ࡛ࡁࡿࡓࡵ࡛࠶ࡿࠋSi(100)㠃࡟࠾࠸࡚ࠊ┤ิ᢬ᢠࢆnMOS࡛ࡣ1/8ࠊpMOS
࡛ࡣ1/4࡟పῶ࡛ࡁࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ 
 
 
 
 ➨ 3❶࡛ࡣࠊ➨2❶࡛ㄽࡌࡓప᢬ᢠࢯ࣮࣭ࢫ ࢻࣞ࢖ࣥࢆ᭷ࡍࡿSi(100)㠃࠾ࡼࡧSi(551)㠃AM MOSࢺࣛࣥࢪࢫࢱࡢ
ヨసࠊ ᐃࡋࡓ⤖ᯝࢆㄽࡌ࡚࠸ࡿࠋᅗ 2ࡣSi(100)㠃 IMࠊAM MOSࢺࣛࣥࢪࢫࢱ࡜Si(551)㠃AM MOSࢺࣛࣥࢪࢫ
ࢱࡢID-VD≉ᛶẚ㍑࡛࠶ࡿࠋnMOS࡛ࡣࠊSi(100)㠃IM࡜ẚ㍑ࡋ࡚Si(100)㠃AMࡣ㟁ὶ㥑ື⬟ຊࡀ11%ྥୖࡋ࡚࠸ࡿࠋ
pMOS࡛ࡣࠊSi(100)㠃 IM࡜ẚ㍑ࡋ࡚Si(551)㠃AMࡣ㟁ὶ㥑ື⬟ຊࡀ 63%ྥୖࡋ࡚࠸ࡿࠋࡲࡓࠊSi(100)㠃 IM࡜ẚ
㍑ࡋ࡚Si(551)㠃AMࡣnMOS࡜pMOSࡢ㟁ὶ㥑ື⬟ຊࡢẚࡀࣂࣛࣥࢫࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿࠋᅗ3ࡣSi(100)㠃IMࠊ
AM nMOS࡜Si(551)㠃AM nMOSࡢ 1/fࣀ࢖ࢬ≉ᛶẚ㍑࡛࠶ࡿࠋSi(100)㠃 IM nMOS࡜Si(551)㠃AM nMOSࡣ࡯
ࡰྠ➼ࡢ 1/fࣀ࢖ࢬ≉ᛶࢆᚓࡓࠋSi(100)㠃AM nMOSࡣ 1/fࣀ࢖ࢬࡀ⣙ 1/50పῶࡋ࡚࠸ࡿࠋ㟁ὶ㥑ື⬟ຊ࡜ 1/fࣀ࢖ࢬ
ࡢ⤖ᯝࡼࡾࠊ୺せ࡞ᅇ㊰ࡀnMOS࡛ᵓᡂࡉࢀ࡚࠸ࡿ࢔ࢼࣟࢢᅇ㊰ࠊ㧗࿘Ἴᅇ㊰࡟ࡣSi(100)㠃AM nMOSࢆࠊnMOS
࡜pMOSࡢ㟁ὶ㥑ື⬟ຊࡀ㧗ࡃࠊࣂࣛࣥࢫࡋ࡚࠸ࡿ≉ᛶࡀᮃࡲࡋ࠸ࢹࢪࢱࣝᅇ㊰࡟ࡣSi(551)㠃AM CMOSࢆᥦ᱌ࡍ
ࡿࠋ 
 
ᅗ1 ྛᚤ⣽໬ୡ௦࡟ᑐࡍࡿࠊᚑ᮶࡜ᮏ◊✲ࡢࢯ࣮ࢫ࣭ࢻࣞ࢖ࣥᵓ㐀ࡢ┤ิ᢬ᢠẚ㍑
? 624 ?
 
 ➨ 4❶࡛ࡣࠊ➨3❶࡛ᥦ᱌ࡋࡓSi(551)㠃AM CMOSࢆࢹࢪࢱࣝᅇ㊰࡟ࠊSi(100)AM nMOSࢆ㧗࿘Ἴᅇ㊰ࡢ㟁ᅽไ
ᚚᆺⓎ᣺ჾ(VCO)࡟㐺⏝ࡋࠊヨసࠊ ᐃࡋࡓ⤖ᯝ࡜ࢩ࣑࣮ࣗࣞࢩࣙࣥ⤖ᯝࢆㄽࡌ࡚࠸ࡿࠋᅗ4ࡣSi(551)㠃AM CMOS
࡜Si(100)㠃IM CMOS࡛ヨసࡋࡓࣜࣥࢢ࢜ࢩ࣮ࣞࢱࡢືస㐜ᘏ᫬㛫ࢆ♧ࡋ࡚࠸ࡿࠋSi(100)㠃IM CMOS࡜ẚ㍑ࡋ࡚ࠊ
Si(551)㠃AM CMOS࡛ࡣ㟁※㟁ᅽࢆ 1.7V࠿ࡽ1.2V࡟పῶࡋࠊືస᫬ࡢᾘ㈝㟁ຊࢆ⣙ 50%పῶࡋ࡚ࡶືస㐜ᘏࡀ⣙
50%పῶࡉࢀ࡚࠸ࡿࠋSi(551)AM CMOSࡀࢹࢪࢱࣝᅇ㊰ࡢపᾘ㈝㟁ຊ໬࣭ 㧗㏿໬࡟᭷ຠ࡛࠶ࡿࡇ࡜ࢆᐇドࡋࡓࠋḟ࡟ࠊ
➨ 3❶࡛ヨసࡋࡓSi(100)㠃AM nMOSࠊIM nMOSࡢ㟁Ẽⓗ≉ᛶ࠿ࡽᢳฟࡋࡓSPICEࣃ࣓࣮ࣛࢱࢆᢳฟࡋ࡚VCO
ࡢ఩┦㞧㡢ࡢࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࢆᅗ 5࡟♧ࡍࠋMOSࢺࣛࣥࢪࢫࢱࡢ1/fࣀ࢖ࢬࡀᨭ㓄ⓗ࡞㡿ᇦ࡛ࠊ
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ᅗ 2 ID-VD≉ᛶẚ㍑ 
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ᅗ 3 1/fࣀ࢖ࢬ≉ᛶẚ㍑ 
? 625 ?
Si(100)AM nMOSࡣSi(100)㠃 IM nMOS࡜ẚ㍑ࡋ࡚ࠊ఩┦㞧㡢ࢆపῶ࡛ࡁࡿࡇ࡜ࡀศ࠿ࡿࠋ㞳ᩓ࿘Ἴᩘࡀ 1kHz ࡢ
࡜ࡁࠊ఩┦㞧㡢ࢆ 12.1dBc/Hzపῶࡋࡓࠋࡇࡢ⤖ᯝࡣ㟁※㟁ᅽࡀ 1.5Vࡢ࡜ࡁࠊS/Nẚࢆ 16ಸྥୖࡋࡓࡇ࡜ࢆ♧ࡋ࡚࠸
ࡿࠋࡇࢀࡣࠊSi(100)㠃AM nMOSࡀ㧗࿘Ἴᅇ㊰ࡢ㧗⢭ᗘ໬࡟᭷ຠ࡛࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ 
 
 
 ᮏㄽᩥ࡛ᥦ᱌ࡋࡓప᢬ᢠࢯ࣮࣭ࢫ ࢻࣞ࢖ࣥᵓ㐀ࢆ᭷ࡍࡿSi(100)㠃࠾ࡼࡧSi(551)㠃AM MOSࢺࣛࣥࢪࢫࢱࡣ㟁ὶ㥑
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ᅗ 4 Si(551)㠃AM CMOS࡜Si(100)㠃 IM CMOSࡢࣜࣥࢢ࢜ࢩ࣮ࣞࢱࡢືస㐜ᘏ᫬㛫 
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ᅗ 5 Si(100)㠃AM nMOS࡜ IM nMOSࡢ㟁ᅽไᚚᆺⓎ᣺ჾࡢ఩┦㞧㡢ẚ㍑ 
? 626 ?
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